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(57)Abstract 

PURPOSE: To make it possible to obtain a good orientation state of 
a liquid crystal element for which liquid crystals not assuming a 
cholesteric state are used by subjecting liquid crystals to a temp, 
cycle treatment between a specific upper limit temp, and a specific 
lower limit temp. 

CONSTITUTION: The liquid crystal element is formed by holding a 
chiral smectic liquid crystal layer 55 between a pair of electrode 
substrates 51a, 51b having transparent electrodes 52a. 52b and 
orientation control layers 53a, 53b. The orientation control layer on 
at least one substrate side is subjected to the uniaxial orientation 
treatment. The liquid crystals are subjected to such temp, cycle 
treatment that the upper limit temp, exists in the temp, range where 
an isotropic phase and a smectic phase coexist and the lower limit 
temp, exists in the temp, range where the smectic phase is 
exhibited. As a result, orientation defects are eliminated and the 
uniform liquid crystal orientation is obtd. The one cycle of the temp, 
cycle treatment is the SmG* phase — ► (temp, rise) — ♦ I phase/SmA 
phase — ► (temp, fall) — ^ SmC* phase. 
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ISHffll^J-CCDDDf^Xe (*#69lCti0!l^lfSniC*ffl 
TJ'ib Iffi/SmAffiOS^Eiasm^^TfOlHlSi) t, S 

y ^■f"y (*# 

69 1C li«^ £ If I ffl/ s m A a OiS:& iSS® ii*' ^ S m C 
*tr<01^SP) tSr-&tr^aa-C4)So 
[0 0 16 ] 

y ;i-yy 

-f- y y iSb^b ^ 33?# L /c «i£ <0 1C is T , ® * 4" y 
;i-y y y ^y y^B^Bic^^ LT, yyy-T^yyig, y.yy 
y y y A a 1C is v> T ^ i: * Ersjy^Rg 4- ,& 7t i«) ic» 
SL.<, #ic^iaiga-C3i^yy'j yyfflS-t^^v'iK 
B^Blcislt*E|6]3!!iS:^i*t LT*<>»S UV'o J2(T, - 

y>,i[ 1C V' r * o 

[0 0 17] y ;i/;^y y-^y yi^B^B^^i; LXM^ 
^14/)*5&ai--5><Oli, SmC'ffi (A-Tyjvyyy^y 
ycis) T-, (T^Vhoe’yy 

ffl) /I'^co^itici: oTl^BK^iLio 3J6 oT, 74" V h 
D t* y y at * W y ;uy. y y f- y y apaic^)^,a^?ij:6* 

LTIi, 

1) Iso — Ch — SmA— SmC* 

2) I s 0 SmA— SmC* 




<7) 
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3) I s o-C h --SmC* 

4) Iso SmC* 

tfLSo Cli-C. Iso: C 

SmA : AfflT'* 

o 

tool 8] m2 14, 

i>o 1) iso-ch 

Ie^ 1C45 V' r :6*0!l X If 

h - SmA|E#1C4jv»rjjS[B^^?-Of2;a<0^^ (S# lo 
it) :A*tHI;ilfiS[^^^-rt»CJ&$tLyi— $4E|B)^gcoja^J 
ICj&oTJBfiS:S4l, SmA-SmC* lE^ICfoT^B^ 

«i), L*'L*3j*«b, 2) , 3) , 

■9^;Wh7!i*|^B#^r3) , 

5£, $ib1C'^;i/ h**m^*4) <0 4 -5 1C, 

fl?^l4, #lcjfi L < I4±IB2) 20 

BBfS] S- jlH-r ^ t <or Jb * o 
10 0 19] ^%B^#t4^__ grfB2) 

<0 1 s o - SmAffi^#JggS-||^L/cfem, m3 <0 4 
0 1- I s i'^y i' IJ 

tf^iP3Ig<OSmAii<OS 

'?-K;i<fiS;ftLr^-g-i-*ii:lc4oTffl^^;6» 
^T-f-6wi:;6*^3&'o*o S*, -?-<OB#1c5lgi-*BEfa] 
^Rgl4, •f<0>'« h ^-><0fi6;*:^|n]:4?}i*>-fic^ >rATi> 

•Si 1 1C^Si-*i t ^KOgaii^lb:*'-^ 30 

14^:v>^s, ■piJxlfi®^^-?-lci3V'r — LX 

7 -i 5 KKl^lK<OS#?Ig;6*^iflFTeU 

iZtfh-A^m<0. ]^ #ga<OgSv>§B^-Ct4i£n°p.-fl-q^»-M 
( 7 e >^:^[^) iciiA-sMtuift **5i < * * fc 
*6, t/.:t4K [o3M<OT€^<0[3£b^tc4 l?a^Befa]m<0 

— #jg[q]^^J: tl;t^6B ^fi^1Cg §< ib ti 

[0 0 2 0] — ^1CI4, 

'Xn'iT'i y P n t*-;/ yJVT.yi'^y 

tic4oTi0[S^?-E[p]S-®g6;L'r « 

V'7t:^^ T-f V h n tf-;/ 

-r-i>?SB®B<0^if-g-, tniAlf±fBL/>:g*(C4 im4 ic^-t 
4 7 i5'-7-7 ^?S[ra@:^|p]7!»»lB34>*v»ig[S^^Ef^ 

^RS7!)^®BS;$tL, a®^«;PiSg|5^:6'^<OSi®^ji4UC4o 

t*^ 3 V h 7 ;^ vm<o^7Fm^^i±ii^mL<&T-t 

io 

[0 0 2 1 1 -f-::r;^%?^^i4, c<o/'? h • fifcft 
<0:^(6]Sr}B5i^^^Sr|liS^WL*^*, m4C0T^V 

r^^i’SrM’f •SiSSSEat <OF4T, SgS'±T$‘-li- 
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5'll'iO!gS'i-aii:1C4oTi^—*?S[B®B^? 
0B|fi]:4*t#^4L^C:t ^5I®L, :$:^WcMo7t t <0-ei) 

*0 

10 0 2 2] i?S, ±j$L/cm3, m4 lC^-rt#cS«4, :^' 
*< i t-:^ic-iieE|B]^i!!!a<ojfe$n/ci0[^B-feii'S-^'D 

^ * c: i: t* I ffi 1C 4J It * Biilc® 7 < ^ 7 A 3 ffi 1C 45 

lt-6?54^Si: UT|g^^4i|#*o m 3 , m 4 lC43lt*ll 
^M<0^SI4 1 0 0 // mnggt‘i)So 
10 0 2 3] :$:|&?gic43V'r, ±iE L /c 4 o iSigg 
X7 LX-rV 7 ,t>*V'jSB®Bi; LT14, «?(AlfiS 

M®<0^jg:i*-/7 vi;V7«3t**V'14-?-tUCiav>l 

H i ^ <0 /Jn $ <^}S[b®b® i 1 ^ v> * i 

t:d*T*§, 2|s:§|?^<0:^ffil4;J'*'-5,lB[B^^«jtlC431t-&Se 
|6]^*®Srg»lc1--&tci0tc4 t)»t LV'o 
[0 0 2 4] :4<^gaic#-S±iE®g-9--f ^;v^-^<Ol§g 
lc43lt*JtS5‘^ffiI^i^@.<0— ^?rm 1 ic^i-o 
10 0 2 5] mi lC^$4l*4 7 1C, 0ax.lfrSB^S-— tt 
<OSffi*«^t>t|6]-ti-Ll0tc-fe;W:g^'($:lCjDS|< • ^ALtc 
^^ri4T^ V hne7^'«lC^iaS.4i.TV'^,?0[B®B«-?& 
4nUT;^7<i5'-t-7^'C1S^^#-&^lC, ^J&Jlg-CiSB^B^ 
^•(Om i <OJbu4>*V'7.7< ^ 7 ^'^B<0>'^' h L 

(El^ a ) , 'i’(0 i i ' 0 ^^'t' ‘Si-tlC 4 - 3 'C 47 't 7 ^1^5^ 

7<r5'-^7^CffllC45V'r4-?-4L;ii*BB|p]AfiBt LT^cT 
Lto <Ef6]b) o -<OE|6]AfiSS-Bfe*i-^tc<6lc, ± 
PRSg7i<T4' V h o i'yi'igtAyi'f-y^^is<oM^i- 
-^SgSEHlci) tj , T®Sg:**A7< 

SSfEHlc^^m 1 ic^-f 4 -9 iriagO-'f ;wi3:g4-Ji 
i-Z ttzl^x^ EIrJc, Effi]cl<0 4 7 *i^I— *^ b®bS- 
i w-ca 1 |C45lt-5>Sg-9-'f 
g<0 1-9--ti?;H4, SmC'ffl— (^iS) — I4i/Sm 
Affl— (l^ia) ^SmC*ffi-C**o fi!5, :S'3>'^SgO- 
f 1V/MSI4 1 •<t-f ^ ;Hil±-c^>-&o 
[0 0 2 6 ] ^^l^<o*A<o#sir***±ieiagHt^ if 
^l-iagic 4 o T*&- E 16 ]**# <b n* ga «r , 
tt^*S*lc*'CJv»r^^Ea#14J.:iT<0 4 9 1 C#X.TV' 

o 

[0 0 2 7] #M<$SP^lfM$4ltcE(6]AR114, — |JiE 
iS]i!3:g:&fp], ^■f-y^ 

mmmir^L. L^'imf)(osr^inm^ii<y^'7y^L 

^<b4L*o T '( y h o y y -^ y 

i'ffi^^rl^Ei-SiagiEHt^lf, ARBg6^l4T-f v h n t' 

7 ^ffiiceg-r^d', tfcl4i§ll<0gsf*gei6]^^®icfl!i 

9o >::<o^S^'<b??tfi^±|J-t*c:iic47T, ARSS6^ 
14, aHim^<Ott^lCE|6]LTt9>#, Elfi]APfi<0^* 
$tL3tl^— 4 9 IC^rSo EP-b, — gT. 
i^^ 7 i'4it‘^i:tcE[fi]APiB<0^S-, T-t V h afc'7 
^-?"7 ^'1f<0)14-t-5>iag®H-CS4Rfi<UCT 
-f V hn t* 7^’<Oi^miCL, S«v^r®a<Oft»^r7.> i- 
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^ ^ IE (6] ? -& -< < fr L 7c zSg S- ^ 0 

jELT^fV'. 

-5>o #1-, T V b o f .y < , 

Rl* <E[6]©Jfflli«*$n*o Cl«9J;d*ll*.-Cli, T'f 
y}-v3\£yi^^t^^ i' ^ y i' Z>fm8t%W<0 
foias t -C#iai- -& <733>«Sig-C** ^ :6'**Fu^S i * 

:$:^?g#<?5||]^t‘1i'?-OSSIiT'f V ho e-;» 

»SL<(4. T-f V 10 

i^^e^d^tetSiSS^rTpct L7:t (Tpc-3) 
■CJiJi±<ozajK-c&‘), 4 *)»s L< 14. (Tpc-1) r 

m±<oiasr*4 tfz. ±I5SS 

•9--< ^';^olS:^±ffi^SJS^c4 ^T. Sig-9--f ;koIII^ 

I4^V':^7>*Av><S(6](c*I 3, i7c. V h o tf .y 

«Ff LV'o r^. iaS^±T^-a--&W- h (t:/ni i n) 
^JeTPliaSuov^r -fe;u 

1C 43 it •& ffiiajftiJfflia V' * t::p& C T E|S] 

ICT^ V 

^>o 

[0 0 2 81 t:^T. 

El 5 1C j&o TS¥^ tcgi?g-r -S o 
[0 0 2 91 0 5 lc:$:§|?g<oa^l^T-<7>-'M4-^lf-So 
5 5 L < 14* ^ 7 ;i-A > 

^-5?£B®B®t‘3bl?. »SL<14. fltri£L7:^'7-^'5.C7 
7 *■ >7 i ;WiO ^ -r^HC 4 * «• ^ -fr •& 7c 16 . 

®I? (^^F^^Si) 14 5;umt:lT*W4 UV'o so 

[00301 51a. 51b 14^«-C* •) . 777 . r 

7;^f-7 5 2 a. 

5 2b 14?gB®B® 5 5 (CSff«reniD-r*7c«iM7) I TO^O 
5 3 a. 5 3 b 14®B^H<OElfi]t^S?r©J 
«|-t-*ElS]*IJffll®-C*S> 1 . < t fe-:^<^»«fiO<7)iE 

i^siji®®ici4— -^ttseifi]*ijffli 
L r 140a £i4*«± 1C 7c 14^ 
«5EvM4X-'t 7 ') >^^^1C4 0. -®?<ka*. “Kfk 

mm. v;v.7c^T. 7-;^^k-7^r^-> 

ffigik-t >j >7 A, 7 7'fk-fc'; -i^A. z^')=i>m.it *0 

w. ->'j 

f- K. >K'J-t5 KT 5 K. ^ 
>K'JT5 K. !}^’V i K. 

7^->U>. yKOTz-^K^-h. 0 e-;l^T-fe ^ - 
;i-. n7f K. --K'jAt^VV. .-K'Jvd:^- 

-9->. -t;i-o-7.aBi. >7 5>ait. turast. T 
t-7^' 

a®)^fflv'r«®i^fiS;L7c^. S®^eo-K. *^v' 

14®^<D^«I«0«{>0-C}i« 1-^ii:ic4 

0»ibix*o ^7c. S i 0^<7)®efk^«0'14S^k®)^:i' «> 
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t»-6o ffiB^B®lc43V>T. P5STTr3W7.7>; 

h-r. T>< V F a t'-;^ ^'4S— 7>> i'f--;/ (SmAffl 

-&. »4 L< i4-:^(0*«[iic(7)*.-ttEl^ftia. 084. 
If 7 e > tL/zSi!6j$imm s-^it ^ - 1 **» 

f LV'o 

[0 0 3 1 1 S7c. 084.14. El6j©JffllSKlC 

-H<0^^<0'>3- hSJi^mttrcOZ nO. ZrO. 

7iTV>T<j^V'o 5 4 **^-V 7 ■f®IJ(9.^^-->t — Ti) 

0. 084.1fv’J * 5 6 a. 5 6 

b 14a3£;Et?. -:^<7)*«^®lB81c.je'.iHCI&i:r3t®Sr 
^it*o *'*'*iKb®b*?-i4. (^0^) 

A-f 7 •5^>i^fl-f-ici&i:,T;^-f 7 m 

mm^‘07'f L-cmmi-^o t7c. 52 a. 

5 2b <7)S^l;ffiSr±Ti' D7.1C-7 h >j t i" #1. If . 

Vg3t**^|gi;*0. 084.1f>''-- 

— 5' — . V-^'.x-r— V 3 A 

yj LTfflV'tjtL 

6 o 

[0 0 3 21 Kic, 

R. G. B. w (s) <o^&^<D-&y 'f ji'f'-m^mmi- 
sztT. * 7-f'>f iciiffli-^c: 

■&0 

[0 0 3 31 S7c. 2^%?g-C14. LT 

l5i&L7c4 9 1C7 U7.X'; 7 ) <7»' 

wWdli'g-. ^iaTlc:fev'rj0B®B*tfl-O^ 
^"f-7 :>'tie^ic43v»r. — 

>-N* h tzm±Lli Ci(). 'ffe* 0 *«<l 8 ic®;ft L-r 

V'< tV'7«c^^^mL. y.jf y i' C1§-C(DJ: *)M. 

. Sft L< 14-:^0^«fi8 
lco^-ttEl6]iffl!S***$4t7cei6lftlJiail®=Sr:frL. -te* 
<7)*«fi8-C14— t8E|P]i!!!.S14iSS‘ tLTV'^irV ' t \^^^fzm 

[0 0 3 41 2p:^ig<Oi0[B®B*^lc43V'r. -^tO*«F^ 
lcEfi^4i--&iSB^BSB^ (0 5 1c^-r«^-CI4t£B®B®5 
5) tLX. aticTz^f 7iv;^> ^•t-7 ^'tSb^. #ic!i^ 
LT»®lCfflV'lb4l.-J> t<0l4. ttliEL 
7c 2) . »tl,<l47 

4 o ? 4i. '^’rB^^iX14 

[0 0 3 51 *'*'*7 7*^^f£B®Btt^k-&i^t LT. at 
ic$ff L<14. TIE-llS:^ (1) X14 (2) xmio^ti 

[0 0 3 61 — fiS:^ ( 1 ) 

[0 0 3 71 
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A. - 



(B,). - M, - 
I 

X, 



(D,)^ - N, 
I 

Yo. 



Bi. D„ 




S'^L, a, b, c 0 ^ /cti 1 3 

tzfz L a + b + c < t (> 2 T* 

-2)0 

[0 0 3 81 Ml. -COO-. 

-COS-, -COSe-, -COTe-, -CH 2 C 20 

H 2 -, -CH=CH-, -CH = N-, -C = C-. 
-CH 2 -O-. -CO-. -0-. 

Ol6]§llv>rn-Ct iV'o 

[0 0 3 9] X. Y, ZliBi, Di. 

-Cl. -F. -B 
r. -I. -OH, -OCH 3 . -CN. -N02=^« 

1"o 1 . m. 

[0 0 4 0] Gili-COO-CeH2e-. -O-CeH 
2e— , — CeH2e— . — OSOO — . — OOSO — . — 
SOO-. -SOOCeH2e-. -OCeH2e-OCe-H 30 
2e' — . — CeH2e— N (CpH2p+l) — SOO — . — Ce * 

A - (B)a - M - (D)p- N - 
I I 



16. 



I 




(E,)c-G, -R 
I 

Zn 






NAN cr^o 

*H 2 e-N (CpH 2 pti) -CO- (e. e’ 

1 li'ib 2 0 p1il*'<b4j-C 

(O^mirm-To ) irm-to 

[0 0 4 1 ] A]li-0-CfH2f-0-CgH2g*i. - 
CfH2f-0-CgH2g+i. -CfH2f-R’ . -0-Cf 
H2f-R’ , -COO-CfH2f-R’ . -OCO-Cf 
H 2 f-R’ (R’ li-Cl. -F. -CFs. -NO 2 , 
-CN. -H. -COO-Cf H2f+i, -OCO-C 



rH2f'+i=S-«U. f. f’ . 1 7i' 

[0 0 4 2] RI±-C,F2w+iT* 0. Wlil:i'^2 0 

<2) 

[0 0 4 3] 

[^t6] 

(E)c-G-R’ I 

k 



B. D. 




imt. a. b. cl4'^■#^-e#t®jl;^C0S;ttil:i'^3 
fzfd L a + b + c 14^'* < t b 2 T* 
■bo 

[0 0 4 4] M. NI4^n-rn«ltU, -COO-. - 
COS-. -COSe-. -COTe-. - (CH 2 C 



N;i;N N^N O'^o 

Y ^ ' y 

H 2 ) d- (d 14 1 4 , -C = C-. 

-CH = CH-. -CH = N-. -CH 2 -O-. -C 
0-. -0-. ^C0(6]il4(/'-rA-Cb 4 

V'o 

[0 0 4 5] ^ixrtKOX, Y. Zl4|ffijl:iC-H, -C 
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1. -F. -Br. -I. -OH, -OCH3, -C 
H3. -CF3. -0CF3, -CN. -N02«-^1 -o -e- 

10 0 4 6] Gli-COO-CeH2e-. -0-CeH2e 
-o (Ce-H2e-0) t-Ce-H2e--. -CeH 
2e-, -OSOO-, -SOO-, -SOOCeH 
2e > CeH2e N (CpH2p+l) SOO — , — Ce 
H 2 e-N (CpH 2 pti) -CO- (e, e’ li-f-it-Pix 

2 0 p li 0 4 S T* 

e“ (Ce-H2e’0) 

1 1 0O^^^«toL. 1 1± 1 jJ'ib eoSISc^ 

) SrS-fo 

[0 0 4 7] Ali-0- (CfH2f-0) u- C 
hH2iMi, — (CfH2f— O) u— ChH2h+i; — CfH2f 
-W, -0-CfH2f-W, -COO-CfH2f-W, - 
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*OCO-CfH2f-W (Wtd-C 1 , -F. -CF3, - 
N02, -CN, -H, -COO-ChH2h4i. -OCO 
-ChH2h+i4-*L. f. 2 

1 0<O^^-C$>i,o ) 

L. 

[0 0 4 8] R’ li- (Cx-F2x O) 2-CyF2y+i-C 
*0, x’ (C,-F2 x O) 

1 0 ST-<??eST-^i9> y’ «i 1 :*''b 1 0 t-C-<OSSc 
z’ i± 1 ji'G 1 0 sr*<?5Stk-C2b-&o ) 

10 [0 0 4 9] w onfe, ±iei»^WM-<oa>v 

[0 0 5 0] 

($:(?!) Static 

[0 0 5 1] ' 



C? F 2 O C F 2 C F 2 O C 4 F 9 




OCH2C7F 



1 6 




OCHxCtF 



1 B 



c 




OCH 2 CtF,b 



c: Hs 



C 1 0H21 O— <^>— C - O — O C H* C H C sH 



CH, 



C 10H2. O— <^>— CH = N— <[^>— C H= C H- C -0 C H2O CHCxH, 

O * 



[0052] ss[0053] 2)s:||^-Cfflv»/c?S[B®a-ft-&®S-y.Tlc5^-to 

immm] [o o 5 4] 

-:>fCo »40 [-ft 8] 



<t^^A CeH , 7 




OCHs-C F2-OCF2-C F2-OC4F9 



Sj^C F 8 

CbH.sO— COO— <;j^^)^oc 6 H,s 

[0 0 5 5] (Mit ; (b'&®3A/Yk'g-!^B= [0 0 5 6] 

9 0/5) [Yb9] 




< 11 ) 




68 TJ 42 'C - 14 1 C 

Iso “► SmA -* SmC* C r y s t 

( DSClcJ :« aO ^) 




(3 ot) 0 =2 5.8' 

(30 1:) Ps=-22. 6 (nC/cm2) 
d =0' (3 0r#fi) 

ms Ic ^ L * J : d 



- f - LT . 

^ ^ 1 : -9 zoFu ' X ^ 




*o 

[0057] JP^l. 1 mmff^:ffy 5 1a, b ±. 

ic, iS^^®5 2a. b t tr#^3 0 0 nmOI TOM 

■LJto 

10 0 5 8] 2iitc0*«<0^>!rlC{i, S>Sr-6^^^-eM® 
SP-^. — :Sr«0*®5 1 a tcov^rii, 

{^) ttSSLP 6 40N->«'-f-;Peo'; K>/n-r-?^ 
;HrD v;wr0 2/ l <D0. 4Sfi%®iKS: 2 7 0 0 r 
pm«OjiST-lpIfeLTW'*:«'7:^*«tcS0 L, -?-<OS 
t 2 O#0te^-a:/ce ^<0^, 8 0‘C-C5^r4M^lS^ 
2 7 Or-C 1 R#FB^UD^^fiSiM31^i&L;^Co 

3 aOMJl 

Ii3 nm-C^>ofCo LX H-T '( o >:^lz X i, 

[0 0 5 9] 1 b tcov»T»i, 2 0 0 0 r 

pmOJSSt ‘ 0 ^ L . Tv >^,: y 5 ;^*« ir }# jB [ ( v 5 >* 
yy^'J : ODS-E<^^f' y-ji'iDO. 5MM% 

^m) sriie>L. -i-ot 1 2 0^'mm^-^fzc -tom. 

8 0 rr- i 8 o x:t* i 

^mmmmLfco 

[0 0 6 0] mi^mmi:mLfziryy.Mm5 1 

a ±.l=;^^--9-5 4 t LT¥i^*tS2. 0/umO->’J:^ 
tr-X^tfclli L, 1&:^0:ffyy.^^5 1 b 

to 0 6 1] V hnfy 

ffiT-CS^^tALT:d'e>. H®U t LX4Vy'm i nX 
gia S i t tc J : o T Effi ] $ i » 

;^.:o a±OJ: v izLX^fmLfzJtnmof^^B^^lz^t.^ 
xy > h h trm & LfZl ^ M . eOX^^/Co f ^. ^ 
oi&B^Bm^iz-yi^x. m±m^mi*3xommx(iT 'f y 
b n e •;; AffiilttSSliSli 4 r ( 6 



10 



20 



30 



40 



^-^ThfzAml BP %X V •;> F k^Bm OL'f ^'-y _ 
V )P^T)i oWii^lT orti^t LX . ZO:k^^iZj: 

>rm^jxi^^>MSTffWfTrwr±MEommti. sm 

ATPjdiatalffl <- ir ^' 

[0 0 6 4] fXfSxjxy^f^yi'momm:»iS}Ti^- 
«E(fi]«!ig*Ifi]56'^A^ < (5' m±) -TrL/cXfimiA 
<^'LX-i>:fh^i-tHiZOX^izn^) „ 

rxps^j i'-^y (i~s 

' ) rtifz'i^fimm^^^i-t, (^'Lx-t;^^i-tuiz 
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